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 To our teachers and to our students

—V.M.-S. & K.N.C.


1

 Dusk

DAWA CONCENTRATES.  HE ADDS A bit of pigment to the tip of his brush. Then, with a careful stroke, he paints a thin black line. He does this again. And again. Slowly, as the hours pass, the thangka—a silk scroll-painting of the Buddha, with mesmerizing geometric detail—begins to take form.

Outside, the snow-covered summits of the Himalaya that surround Thimphu, the capital of the Kingdom of Bhutan, glisten in the late-afternoon sun. But inside, Dawa and his fellow students, all in their early 20s, in matching blue robes, have been focusing on their work under the watchful eye of their middle-aged instructor.

The training of thangka artists adheres to custom. Dawa and his fellow students are not there to have their minds broadened through education, but disciplined through apprenticeship. Learning is not about inquiry, but mimicry. Innumerable rules laid down centuries ago govern exactly what must be painted where and how.

Dawa’s teacher makes sure the young artists follow his instructions precisely, to repeat what generations of thangka illustrators before them have done. Any deviation, any break from the rules, is not just frowned upon but prohibited. The best artist is the one who copies his master perfectly. The teacher constantly points out imperfections. But despite this immediate feedback, it is a form of learning that is largely devoid of data.

And it is a form of instruction that is fundamentally different to how Andrew Ng, a computer scientist at Stanford University, teaches his class over the Internet on the topic of machine learning, a branch of computer science. Professor Ng (pronounced roughly as “Nnn”) is a cofounder of Coursera, a startup company offering online classes. His approach is a harbinger of how big data is set to revolutionize education.

Professor Ng collects information on everything his students do.  This lets him learn what works best and design systems that automatically parlay it back into his class: improving his teaching, his students’ comprehension and performance, and tailoring education to everyone’s individual needs.

For instance, he tracks students’ interactions with his video lectures: when they watch them, if they press pause or fast-forward, or abandon the video before it’s over—the digital equivalent of slipping out of class early. Professor Ng can see if they watch the same lesson multiple times, or return to a previous video to review material. He interlaces the video classes with pop quizzes. It’s not to see if his charges are paying attention; such archaic forms of classroom discipline don’t concern him. Instead, he wants to see if they’re comprehending the material—and if they’re getting stuck, exactly where, for each person individually.

By tracking homework and tests done on a computer or tablet, he can identify specific areas where a student needs extra help. He can parse the data across the entire class to see how the whole cohort is learning, and adjust his lessons accordingly. He can even compare that information with other classes from other years, to determine what is most effective.

It certainly helps that Professor Ng’s classes teem with tens of thousands of students—so large that the findings he uncovers are statistically robust, not based on just a small number of observations, as most educational studies are. But the class size in itself is not the point. It’s the data.

Already, he’s tapped the data to extraordinary effect. For example, in tracking the sequence of video lessons that students see, a puzzling anomaly surfaced. A large fraction of students would progress in order, but after a few weeks of class, around lesson 7, they’d return to lesson 3. Why?

He investigated a bit further and saw that lesson 7 asked students to write a formula in linear algebra. Lesson 3 was a refresher class on math. Clearly a lot of students weren’t confident in their math skills. So Professor Ng knew to modify his class so it could offer more math review at precisely those points when students tend to get discouraged—points that the data alerted him to.

Another time, he saw that many students were repeating lessons on a certain topic. He literally saw this: he produced a data visualization in which the color intensity changed from dark blue to hot red when the statistical probability that a user progressed in the normal class sequence went out of kilter. Around lessons 75 and 80 something about the pattern was disrupted. Students were rewatching videos in a variety of orders. His takeaway: they were struggling to grasp the concepts. He realized that teachers armed with this insight could redo the lessons—and check the resulting data to make sure the situation improved.

A wealth of other data is tapped too. Online forum posts typically track how many people read them, and people are invited to rate them, to judge their usefulness. But Professor Ng ran a complex statistical study of his class forum posts to really judge their effectiveness. He looked at the percentage of students who, after getting a wrong answer related to a particular topic on a homework assignment or a test, upon reading a given forum post, produced a correct answer the next time they encountered the same question.

Thus, in a machine-learning class in 2011, thousands of students got an answer incorrect involving a “compute cost” in a linear regression. But those that read forum post number 830 had a 64 percent likelihood of correctly answering the question the next time they were presented with it.

From now on, the system can show that particular forum post to those students who get an answer on the topic wrong. It is a data-driven way to identify which forum posts actually work best for learning, not just which posts students judge to be the best.

And this big-data approach is not just restricted to Professor Ng’s class at Stanford—this class is simply a front-runner of what is to come. Big data is invading all of education, with profound implications for how the world learns.

 


This e-book is about how big data changes education. Big data gives us unprecedented insight into what works and what doesn’t. It is a way to improve student performance by showing aspects of learning that were previously impossible to observe. Lessons can be personally tailored to students’ needs, boosting their comprehension and grades.

It helps teachers identify what is most effective: it doesn’t take away their jobs but makes their work more productive, and probably more fun too. It helps school administrators and policymakers provide more educational opportunities at lower cost, important factors for reducing income gaps and social disparities in society. For the first time, we have a robust empirical tool with which to understand both how to teach, and how to learn.

This story is not about MOOCs, the “massive open online courses” like Professor Ng’s at Stanford that have generated headlines in the past few years. The world has been captivated by the possibilities of these classes, which have democratized access to education. It is a wonderful development, to be sure. But in some respects, it is the same old education—“the sage on a stage”—only easier to access.

But there is one aspect of MOOCs that is new and powerful: the data they generate. The data can teach us what is most effective; it can tell us things we couldn’t know before, since there was no way to unlock its secrets. But with big data we now can.

It helps that the marriage of education and technology is capturing the imagination of entrepreneurs and the wallets of investors. More than $1 billion in venture capital was poured into education in 2012 alone, a doubling from just five years earlier.  In a sign that education technology has come of age, the industry is replete with its own arcane abbreviations, like LMS (learning management systems) and ITS (intelligent tutoring systems). Companies with cute names like Noodle, Knewton, and Knowillage Systems dot the landscape.

Old stalwarts like McGraw-Hill, News Corp., Pearson, and Kaplan have set up outposts in that territory too, having spent billions on research and development, as well as acquisitions. The e-learning market is estimated to be worth over $100 billion and growing by around 25 percent a year, according to GSV Advisors, a respected edtech market-research group.  In the United States, spending on education overall is a hefty $1.3 trillion, or 9 percent of GDP, making it the second-largest area after health care. 

Ultimately, this e-book is about more than education. At its core, it is about how one significant part of society and sector of the economy is adopting big data, as a case study for how big data is going to change all facets of life and of business. While here we will focus on the developments as they apply to education, the lessons are relevant to all industries, businesses, and organizations—be it a hospital, an oil company, a technology startup, a charity, or the military.

It also points at broader consequences for human knowledge—not just how we learn, but what we learn. Society must develop a deep understanding of the probabilistic nature of the world, not just the notion of cause and effect, which has permeated human inquiry throughout the ages.

So this book is intended as a guide for professionals of all stripes who are struggling to manage the epochal transition to big data that is now upon us. And it is for anyone who is interested in how people acquire knowledge in the big-data age.

In the next chapter, we consider three principal features of how big data will reshape learning: feedback, individualization, and probabilistic predictions. It looks at concepts like the “flipped classroom” popularized by the Khan Academy—where students watch lectures at home and do problem solving in class, the inverse of what’s customary in traditional classrooms.

Chapter 3 considers the different platforms that are changing how we teach and learn, from online courses to e-textbooks. It delves into the idea of adaptive learning (in which the pace and materials are tailored to each student’s individual needs) and learning analytics (which allows us to spot the most effective way to teach subjects). In Chapter 4, we look at the potential dangers of big data in education, from worries over the persistence of data to its use in new forms of tracking, in which students fall victim to quantification, penalized for their propensities as much as their actual performance.

The e-book concludes by considering how










OPS/toc.xhtml

    
      Table of Contents


      
        		
          Title Page
        


        		
          Table of Contents
        


        		
          Copyright
        


        		
          Dedication
        


        		
          Dusk
        


        		
          Change
        


        		
          Platforms
        


        		
          Consequences
        


        		
          Dawn
        


        		
          Notes
        


        		
          About the Authors
        


      


    
  

OPS/images/cover.jpg
I.EARNING WI'I'H

Iu@
Dll‘l'lf





OPS/images/titlepage.jpg
Learning with

BIG
DATA

The Future of Education

VIKTOR MAYER-SCHONBERGER
and KENNETH CUKIER

AN EAMON DOLAN BOOK | HOUGHTON MIFFLIN HARCOURT.
Boston New York 2014





